Introduction
Contemporary impacts on the river valleys are differentiated and dependent on, among others, the river size or the purposes and the type of the undertaken activities. The small rivers were -and still are -being changed on the largest scale, most often due to the necessities of agriculture and anti-fl ood purposes. Results of the mentioned impacts are the vanishing or decreasing in range of valuable habitats, plant and animal species and the ecological corridors, essential for the migration and genetic differentiation of the communities (Callow & Petts, 1992; Dlamini, Hoko, Murwira & Magagula, 2010) . The small river valleys (according to the Water Framework Directive, small river is the one of the catchment area in the range from 1,000 to 10,000 km 2 ) cover a signifi cant part of Polish lowlands, creating the "base" of the river network (Błachuta, Picińska--Fałtynowicz, Czoch & Kulesza, 2010) . They also play the role of ecological (free migration) corridors for some plants or animals (for example the bur cucumber Sicyos angulatus, the European beaver Castor fi ber, the bluethroat Luscinia svecica or the muskrat Ondatra zibethicus), refugia or spawning grounds for fi sh as well as the breeding grounds for some invertebrates (Rinaldo, Gatto & Rodriguez-Iturbe, 2018) . Undoubtedly, they also contribute to increasing of biological diversity and maintaining the ecological stability of the region (Beisel, Usseglio-Polatera, Thomas & Moreteau, 1998; Sender & Maślanka, 2018) . However, continuous pressures on rivers originating from urban sprawl and expanding intensive agriculture entail signifi cant threat of losing particular ecosystem values and biological diversity of these rivers (Bączyk, Wagner, Okruszko & Grygoruk, 2018) .
The authors determined the impact of the regulation and maintenance works, conducted in various periods on various Kraska river reaches, on the eco-systems of the valley and its eco-morphological zones; and to analyse the range of mentioned impact in the horizontal pattern, taking into consideration the environmental demands of peculiar invertebrate and vertebrate taxa. The necessity or even the sense of the regulation/maintenance works in the river valley undertaking for fl ood protection was also discussed.
Study area, materials and methods
The Kraska river is situated in the Masovian Voivodeship, in the communes of Belsk Duży, Jasieniec, Grójec and Chynów. The total length of the river is 28.9 km. The drainage area covers 211 km 2 and is divided into 25 elementary catchment areas. Kraska's springs are located near Belsk Duży (178 m a.s.l. -GPS directions 51.826401, 20.795642) and it confl uences the Jeziorka river near Gościeńczyce (124 m a.s.l. -GPS directions 51.912891, 20.948335). The channel width is 2-8 m and the average fl ow velocity is about 0.1 m·s -1 (Jagiełło, 2014) .
The river is regulated on about 90% of the total length. The longest unmanaged reach drains the fi nal 1.5 km of the Kraska river. The maintenance of an existing channelization structures is associated with a number of detrimental activities, such as: disturbing natural river banks and the channel bottom, removing beaver dams and accumulations of the wood debris as well as the macrophytes from the channel bottom, the removal of the fallen trees, logging the small trees and the shrubs, desludging and the implementation of the fascine. There are 49 channelization structures on the Kraska course, mainly the small bridges and culverts.
The catchment area is threatened by eutrophication from the municipal sources, but not highly threatened by the contamination with nitrogen compounds from agricultural sources (Breń, 2018) . The Kraska river is supplied by three right-bank tributaries and nine leftbank ones. About 90% of the catchment area is covered by orchards, plantations, gardens, meadows or pastures, forests, copses and cultivated fi elds.
Field studies were carried out from June 2016 to October 2018 and covered complete evaluation of the river valley using the index WULS-SGGW (Oglęcki & Pawłat, 2000) . The method bases on the evaluation of four valley zones: riverbed, riverbank (about 20 m of both sides), scarps and terraces and the upvalley (about 100 m of both sides) ones. The total score of the evaluation considers the relative importance (weights) of peculiar zones in the total valley pattern. The fi nal results were compared with the fi ve-point scale of the environmental value categories, where 1 means very low, and 5 very high. The evaluation of each zone was performed on the bases of the identifi cation lists of the environmental state, where each partial element is of relative importance and was estimated in the fi ve-point scale. The results between 4.21 and 5.00 points very high environmental values (class I); 3.41-4.20 -high environmental values (class II); 2.61-3.40 -average environmental values (class III); 1.81-2.60 -low environmental values (class IV) and 1.00-1.80 -very low environmental values (class V).
Studies on the fauna were carried out using the following methods:
macroinvertebrates: the samplings were made using the Ekman grab, the triangular dip net, mosquito dipper and tweezers, in dependence to the habitat conditions in particular sites, in order to collect as many taxa as possible. The catches were done in the following time line: 7 July 2016, 29 September 2016, 5 April 2017, 27 May 2017, 14 October 2017 and 12 February 2018; the macroinvertebrates were identifi ed in the laboratory, partly from non-preserved material during 2-3 days after the sampling and partly from the samples preserved with 70% ethanol; amphibians and reptiles: visual observations in commode habitats, especially during the breeding season; birds: audiovisual observations during all the year, the observations from the points and alongside the transects; mammals: catches in the restraining traps (controlled every 3-4 h) -in April and May 2018 -fi ve two-day cycles in total, visual observations, analyses of their leads and traces (basically in the wintertime).
Results
The results of the whole river valley evaluation range from 2.32 (low environmental value) to 4.04 (high environ-----mental value). The percentage share of the reaches of peculiar value is as follow: class I -0%; class II -27.7%, class III -60.4% ; class IV -11.9%; class V -0%.
For the riverbed zone (the lowest value -2.15; the highest one -4.43) the respective share is: class I -0.7% (just very short reach in the proximity of the mouth); class II -22.8%; class III -64.6%; class IV -11.9%, class V -0%.
For the bank zone (the lowest result -2.00; the highest one -5.00) the results look as follow: class I -0.7% (the same reach as in the case of the riverbed zone); class II -36.5%, class III -50.9%; class IV -11.9%; class V -0%.
For the scarpes and terraces zone (the lowest result -2.60; the highest one -3.60) the following results were calculated: I class -0%; II class -11.6%, III class -76.5%; IV class -11.9%; V class -0%.
For the up-valley zone (the lowest result -2.25; the highest one -4.50) the share looks as follows: class I -4.2%; class II -15.8%; class III -56.8 %; class IV -23.2% and class V -0%.
The results of the Kraska valley evaluations (the total one and the ones calculated for the peculiar zones) are shown in the table and Figure 1 .
Generally, it is hard to determine any scheme of the environmental values' differentiation alongside the valley. The intensity and unintended randomness of the conservation/regulation works have disturbed the stability of the natural river course and determined the disorder in the biocenosis. That results are similar to the ones achieved by authors during the evaluation of others small lowland river valleys for various purposes (Oglęcki & Komorowski, 2004) .
Forty eight invertebrate taxa were identifi ed during all surveys carried out on the Kraska river. Forty-six taxa were noted on the lowest, close-to-nature (unregulated) reach, 30 taxa on the reaches regulated before 2015, and 12 taxa on the ones regulated or maintained in the years 2015-2018 (Fig. 2) .
Amphibians were represented by 12 species: the smooth newt Lissotriton vulgaris, the European fi re-bellied toad Bombina bombina, the common toad Bufo bufo, the European green toad Bufo variegata, the natterjack toad Bufo calamita, the European tree frog Hyla arborea, the common spadefoot Pelobates fuscus, the edible frog Pelophylax kl. esculentus, the pool frog Pelophylax lessonae, the marsh frog Pelophylax ridibundus, the common frog Rana temporaria and the moor frog Rana arvalis.
All the amphibian species were noted in the close-to-nature (unmanaged) and regulated reaches as well, but the densities -in the sense of specimen concentrations -were much more higher in the unregulated reaches because of the presence of the spawning grounds in the bank zone.
Three reptile species (the grass snake Natrix natrix, the sand lizard Lacerta agilis and the common lizard Lacerta vivipara) were noted during the fi eld investigations in the valley and in that case only the grass snake seemed to prefer the unmanaged reaches of the river and its close surroundings -it was often seen in the river, while swimming or hunting frogs. Lizards preferred the dry places alongside all the study area. The total number of 38 bird species were observed in the valley -36 on the close-to-nature reaches and 34 on the regulated ones, but the disproportion between the shares of the reaches of both types in the total valley area should be taken into consideration. In this context the "advantage" of the close-to-nature reaches seems to be symptomatic. The most important -because of their rarity and unique biology -were the kingfi sher Alcedo atthis, the hen harrier Circus cyaneus, the white-tailed eagle Haliaeetus albicilla, the Eurasian hobby Falco subbuteo and the bluethroat Luscinia svecica.
Thirty species of mammals were noted -directly or in the indirect manner -in the Kraska valley. Amongst them 6 -the muskrat Ondatra zibethicus, the water rat Arvicola amphibious, the Eurasian otter Lutra lutra, the Eurasian water shrew Neomys fodiens, European beaver Castor fi ber and American mink Neovison vison -are strictly connected with the riverbed zone and the bank zone. Among them only a beaver -quite common and very expansive, considered nowadays as a problematic species -was noted on the regulated reaches. Five others were found in the close-to-nature reaches (mainly in the outlet) despite the fact, that about 90% of the river is regulated. In the case of other species that normalcy was not such noticeable, although some big mammals, for example the wild boar Sus scrofa and the European roe deer Capreolus capreolus, were much more common in the "natural" parts of the valley -probably due to, mentioned before, tendency to destroy the high green coverage (trees and shrubs) during the regulation.
Discussion
Negative impact of the channel regulation or maintenance activities for the diversity of the invertebrates is absolutely certain and connected with the looses of proper habitats, such as gravels, fallen trees and twigs, breaches and dents, roots etc. (Bączyk et al., 2018) . The signifi cant decreasing in the invertebrate fauna composition is especially distressful because of the great importance of that group for many food webs and the whole ecological balance.
The presence of the amphibians in all the river valley is strictly connected with the number and area of the breeding reservoirs (Baker, Beebee, Buckley, Gent & Orchard, 2011) . Such water bodiessituated very close to the river itself -are being permanently destroyed during the maintenance works, what seriously limits the possibilities of spreading out of the amphibians (Collins, 2010) . The number of shallow water bodies in the scarps and terraces zone was very low and in many cases just the individual specimen of the frogs or the toads were observed.
In the case of reptiles it should be taken into consideration that it is just the grass snake Natrix natrix (highly con- FIGURE 2. The number of invertebrate taxa in the peculiar types of the river reaches nected with the river) what it seems to be the most important species of that class connected with the river valleys ecosystems. It is still relatively common in Poland, but strictly protected and the possibilities of free migration alongside the river valleys -even just in local scale -should be saved. The case of the birds seems to be most controversial in the aspect of the conservation works undertaking on small river -only two species (kingfi sher Alcedo atthis and -to a lesser extent -common sandpiper Actitis hypoleucos) -observed in the Kraska valley are strictly connected with the riverbed and might be seriously affected by the destruction of the bank structure (sandbars or slopes). However, it has to be taken into consideration that a lot of bird species -especially most valuable ones -are shy and the disturbances connected with the works in the valley (especially the noises) may discourage them to nest or even visit such sites (Wiącek, Polak, Kucharczyk & Zgorzałek, 2014) . It seems to be very important in the aspects of the arguments given by the supporters of the regulation/maintenance that the spatial range of such works do not affect the taxa linked to the outer fragments of the valley (basically the slop-and-terraces zone). The results of the birds inventory in the Kraska valley point out the opposite relation -the rarest and more valuable species unconnected directly with the river: the hen harrier Circus cyaneus, the white-tailed eagle Haliaeetus albicilla, the Eurasian hobby Falco subbuteo and the bluethroat Luscinia svecica were observed only on close-to-nature reaches, despite their low share in the total river length. Probably it is connected with the lack of human activity on "natural" reaches and the presence of quite dense trees and shrubs coverage. Such enclaves are usually destroyed or damaged during the maintenance/regulation works.
The spatial distribution of mammals also confi rms the negative impact of the regulation/maintenance works on the eco-system, although that group of animals are highly mobile and may quickly react for sudden changes in the environment. The exact horizontal range of the effects of mentioned human activities is hard or impossible to determine, because it depends on individual preferences of the species or even the specimen. But the obtained results point out that such range is much wider that it is generally considered. The large accumulation of the impacts should be taken into account (the destruction of the vegetation, the noise, the change of the landscape structure). Generally, in the case of corridors of free migration, in many cases they are strictly connected with the rivers, even when the migrating species are not dependent on water -for example the Eurasian wolf Canis lupus migration in north-eastern Poland (Huck et al., 2010) . The small river valleys acts like the capillaries in the blood system and are especially important in the processes of the short-distance, as well as the long-distance migrations (Naiman & Rogers, 1997; .
The environmental threats of the great importance, even in the smallscale, connected with the maintenance/ /regulation of the rivers, are the fragmentation of habitats and habitat loss. On its total length of 28.9 km, the Kraska has 49 hydraulic structures (the majority of them are the bridges and the culverts).
The similar situation is frequent on other Polish small rivers, what impairs their ecological values, as well as the migration possibilities of various animals (Cieszewska, 2004) .
The most common misconception about the impact of the regulation/maintenance works on the river valley is that such works change only the structure of the riverbed and perhaps the bank zone, without any infl uence on the organisms living in outer parts (Żelazo, 2009 ). However it is very hard to determine how particular species would react on changes in its environment -especially in the case of the birds and the mammals, which need the shelters such as waterholes, continual fragments of the high and low vegetation or other covers. Changes of the river surroundings triggered by the use of heavy equipment and associated pollution and noise are also to be considered as pressures on riverine environment on top of defi ned impacts of river maintenance to the riverbed itself. The example of Kraska valley convincingly demonstrates strong negative impact of the regulation/maintenance works on the vertebrates living in the scarps and terrace zone, especially birds and mammals.
It is commonly noticed that the regulation works, performed on the small rivers, do not fulfi l their fl ood protection tasks (Kiedrzyńska, Kiedrzyński & Zalewski, 2015) . They may and should be realized in the populated areas or the ones with intensive farming/gardening, but in major part of the Kraska valley the terrace-and-slopes areas are mostly wastelands, low-class pastures and the uninhabited areas covered by the seminatural vegetation. There are perfect for the natural retention purposes, which would be linked to the increasing in the general fl ood safety and the environmental values of the valley. The program of the regulation/maintenance works seems to be inadequate to the real necessities of the surrounded area and incompatible with the idea of sustainable development. Even where it must be realised -for various purposes -it should be taken into consideration that such activity should be performed in the least invasive manner, with leaving even the smallest "natural" structures, which may be the ones of great importance, for example for invertebrates or fi sh, and in consequence contribute to maintenance of ecological balance and average landscape attractiveness. It is very important in the aspect of sustainable development.
Conclusions
The small lowland river valleys, such as the Kraska's valley, are valuable eco-systems which can be considered as an enclaves for rare animal species (biological diversity hotspots). The maintenance/regulation works perturb their functioning and cause the decreasing in the biological diversity. Unmanaged river reaches are characterized by higher biological diversity and the abundance of valuable taxa than the regulated/maintained ones. The small river valley is able to recover its invertebrate fauna diversity in a relatively short time, especially when the valuable structures of the riverbed were remained.
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The regulation or maintenance works in the small rivers, undertaken for fl ood protection, should be preceded by the careful environmental surveys.
